Floor drains in processing environments harbor Listeria spp. due to continuous presence of humidity and organic substrates. Cleaning and washing activities in food-processing facilities can translocate the bacterial cells from the drain to the surrounding environment, thus contaminating food products still in production. This study evaluated the potential for translocation of Listeria monocytogenes from drains to food contact surfaces in the surrounding environment using Listeria innocua as a surrogate. A 7 × 7 × 8-foot polycarbonate flexi-glass chamber with a 10-inch-diameter drain mounted on an aluminum cabinet was used. Stainless steel coupons (6.4 × 1.9 × 0.1 cm, 12 per height) were hung at 1, 3, and 5 feet inside the chamber. Four treatment sets; non-inoculated, non-treated; non-inoculated, treated; inoculated, treated; inoculated non-treated; and two subtreatments of 8 h and 48 h were performed. For the inoculated sets, meat slurry (10 g of ground beef in 900 mL water) and a four-strain cocktail of Listeria innocua at 7 -8 log CFU/mL were used. For the treated sets, in addition, a commercial cleaner and sanitizer was applied. The drain was cleaned using a pressure hose (40 -50 psi) after 8 h and 48 h. Coupons were then removed and enriched in listeria enrichment broth to establish if any cell translocated from the drain onto the stainless steel coupons via aerosols generated during washing. Confirmation was done using VIP Listeria rapid test kits. Results indicated translocation at all three heights ranging from 2% -25%. Significantly higher translocation (p < 0.05) was found at 1 foot (up to 25%), followed by 3 feet (up to 11%) and 5 feet (up to 2.7%). This research indicated that translocation of Listeria spp. from drains to food contact surfaces does occur and increases with increased proximity to the drain.
Introduction
Bacteria have been shown to enter foods as a result of contact with contaminated surfaces [1] , but contamination of commercially processed food products with Listeria monocytogenes and other Listeria spp. occurs in post-processing environments rather than as a result of organisms surviving the processing operation. L. monocytogenes is also known to be associated frequently with raw materials used in food processing facilities, which may constantly reintroduce the organism to the plant environment [2] . Pulsed-field gel electrophoresis (PFGE) typing of Listeria strains isolated from a meat-processing plant in a 2-year period showed the persistence of closely related Listeria strains in the plant environment [3] . Listeria monocytogenes can cause mild (listerial gasteroentritis) to severe, life-threatening illnesses (invasive listeriosis) [4] .
The foods that have been commonly implicated in invasive listeriosis outbreaks are ready-to-eat (RTE) foods. RTE foods can be contaminated if the ingredients are contaminated with L. monocytogenes and are not sufficiently processed to destroy viable cells of this pathogen, or if introduction of L. monocytogenes occurs because of improper sanitary conditions or practices [5] . Several factors contribute to the growth of microorganisms in food-processing environments, including moisture, nutrients, pH, oxidation-reduction potential, temperature, presence or absence of inhibitors, microbial interactions, and time. Moisture plays an increasingly important role and promotes the survival of bacterial cells on different surfaces. Processing plant structures, including equipment, as well as maintenance, repair, and practices that entrap moisture often result in microbial niche development [6] . Numerous sampling studies have been conducted to assess the prevalence of Listeria spp. in different food production and processing facilities.
Samples were taken from the floor, drains, processing equipment, food contact surfaces, and environment. Significant findings included the recovery of L. monocytogenes from the floor drains from 2% -50% in all tested food establishments [7] .
Floor drains in processing environments harbor Listeria spp. due to the continuous presence of humidity and organic substrates. Listeria adhere to, colonize, and become entrapped on the drain surface in a slimy mucilaginous coating of colonizing bacterial cells and associated polymers called biofilm. This biofilm coating protects the bacterial cells against environmental stress, offers resistance to cleaning and disinfection, and is difficult to eradicate or remove compared with free, living cells [2, 8] . The time available for biofilm formation depends on the frequency of cleaning activities in a processing unit. Food contact surfaces typically may be cleaned several times a day or at the end of each shift; however, environmental surfaces such as walls and drains may be cleaned only once per week. Biofilm clearly has more time to develop on environmental surfaces [9] . A study found that although bacterial cells readily attached to food contact surfaces in processing facilities, extensive surface colonization and biofilm formation occurred only on environmental surfaces [10] . Several studies carried out in fish-processing plants have shown a correlation between the presence of L. monocytogenes in drains and on food contact surfaces, hence on the finished product [11] . Microbial cells may be transferred to the food product by vectors such as air, personnel, and cleaning systems [12, 13] . The open nature of drains means that they are continuously challenged by a wide range of microbes, which vary depending on the site of the drain. Listeria spp., if present in the drains, may transfer from drains onto food contact surfaces, thus contaminating the food being processed. In dairy processing, an outbreak of Listeria associated with chocolate milk, which sickened 45 people, was traced to a drain that contaminated the milk filler above it [14] . Migration of the organism may occur from drains to food through workers and food handlers, contaminated equipment, and high-pressure cleaning and scrubbing in food-processing environments. Because aerosols generated as a result of high-pressure cleaning and washing activities (40 -60 psi) may translocate bacterial cells, our study was designed to evaluate the potential for translocation of L. monocytogenes from drains onto food contact surfaces in the surrounding environment using L. innocua as a surrogate [15] .
Materials and Methods

Bacterial Cultures and Inoculum Preparation
The bacterial cultures used in this study included four strains of Listeria innocua (ATCC 33091, 51742, 49595, and 33090) which were obtained from the American Type Culture Collection (ATCC). The lypholized microorganisms were individually transferred to 9 mL tryptic soy broth (TSB, Difco, Franklin Lakes, NJ, USA), vortexed to mix the suspension well, and incubated at 35˚C for 24 h. Each strain was then combined into a single mixed culture suspension to obtain a four-strain cocktail of L. innocua. A 7 -8 log CFU/mL culture suspension was used for inoculation purposes. The cell density of this suspension was determined by serially diluting the pure culture that was grown in TSB, and plating in duplicate onto modified oxford medium agar (MOX, Difco, Franklin Lakes, NJ, USA). The bacterial cell counts were obtained after incubating the plates at 35˚C for 24 h.
Preparation of Drain Surface
A 10-inch-diameter, circular, painted cast iron drain, mounted onto a 2 × 3-feet "090" with a two-part white epoxy finish aluminum cabinet was used. The drain was placed in a 316 stainless bowl and a schedule 40 PVC male 4-inch adapter was screwed into the drain and was fitted with a 40 PVC pipe (manufactured by RGF Pvt. Ltd., West Palm Beach, FL, USA). A 5-gallon polyethylene bucket was used to collect the drain wash water.
Preparation of Surfaces
Stainless steel is a surface finish commonly found in food-processing environments. A research study showed that Listeria grew on stainless steel, teflon, nylon, and polyester for 7 to 18 d, whereas its biofilm formation was supported at 21˚C but was reduced at 10˚C [16] . Hence, stainless steel coupons were hung inside the chamber at three different heights and used for sampling to test translocation. Polished stainless steel coupons (6.4 × 1.9 × 0.1 cm) were washed with Fisherband Sparkleen (Fisher Scientific, Hampton, New Hampshire, USA) detergent and autoclaved for use.
Preparation of Meat Slurry
For the preparation of the meat slurry, 10 g of ground beef 80:20 (All Natural Ground Beef Chuck) was placed into a stomacher bag. To this, 100 mL of distilled water was added, then stomached for 1 min; 900 mL of distilled water was added to this mixture to make it 1 liter. 10 mL of bacterial cocktail (7 -8 Log CFU/mL) was then added to the meat slurry for the inoculated sets.
Inoculation of the Drain
The drain was inoculated with meat slurry at regular intervals, as described further, to simulate the normal conditions of drain surfaces in a food-processing facility.
Cleaning and Washing Activities
Commercial cleaning and washing operations are done with a water pressure hose from 40 -50 psi. Such high pressure generates aerosols. In this study, a commercial cleaner (alkaline-sodium hypochlorite 0.1% -0.5%) and sanitizer (chlorinated ammonium compound consisting of N-alkyl dimethyl benzyl ammonium chlorides, Nalkyl dimethyl ethylbenzyl ammonium chlorides, and ethyl alcohol) were used. The sampling was performed at the end of 8 h based on the usual duration of a shift in a typical production facility. The time period for development of biofilms, 48 h, was also evaluated.
VIP for Listeria
VIP for Listeria (BioControl Systems. Inc., AOAC approved 997.03) was used for confirmation. If Listeria is present, an antigen-antibody-chromogen complex is formed that is visually read on the kit as a band formation.
Procedure
Autoclaved stainless steel coupons with binder clips were passed through 1-mL pipettes and placed on cooling racks were hung at 1, 3, and 5 feet with nylon thread strings inside the chamber. A total of 12 racks (4 per height) were used. On each of these racks, a set of 3 coupons was placed; making a total of 12 coupons per height. This study was performed for 8-h and 48-h time periods, each consisting of 4 sets; Non-Inoculated, NonTreated; Non-Inoculated, Treated; Inoculated, NonTreated; and Inoculated, Treated. The term inoculated refers to use of bacterial cocktail whereas treated refers to use of a commercial cleaner and sanitizer.
2.8.1. Non-Inoculated, Treated and Non-Inoculated, Non-Treated The drain was inoculated with meat slurry at 0, 4, and 8 h. The prepared slurry was poured into the drain at 0 h. The drain was washed with a high-pressure water hose (40 psi) and poured again with slurry at 4 h. The process was repeated at 8 h. The drain was then allowed to sit for 30 min and washed with water (40 psi). The commercial cleaner was then applied and allowed to sit for 60 sec before the sanitizer was used, per manufacturer's instructions, in the treated set whereas no cleaner or sanitizer was used in the non-treated set. The coupons hung inside the chamber during cleaning were then collected in individual sterile plastic bags.
Inoculated, Treated and Inoculated,
Non-Treated The drain was inoculated with meat slurry at 0, 4, and 8 h. The slurry with 10 mL L. innocua cocktail was poured into drain at 0 h. The drain was washed with a highpressure water hose (40 psi) and again poured with slurry at 4 h. The process was repeated at 8 h. The drain was then allowed to sit for 30 min and washed with water (40 psi). The commercial cleaner was then applied and allowed to sit for 60 sec before sanitizer was used, per manufacturer's instructions, in the treated set whereas no cleaner or sanitizer was applied in the non-treated set. The coupons hung inside the chamber during cleaning were then collected in individual sterile plastic bags.
For each of these sets, after collection of coupons, 100 mL of listeria enrichment broth (LEB, Difco, Franklin Lakes, NJ, USA) was added to each of the bags containing stainless steel coupons. The coupons with LEB were incubated at 35˚C for 48 h. After 48 hours of incubation, the turbid broths were streaked onto the prepoured MOX plates, then incubated at 35˚C for 48 h. If black colonies were seen on the MOX plates, those were recorded as presumptive positive for Listeria. Typical Listeria colonies from the MOX plates were isolated and grown in 9 mL TSB test tubes for 48 h at 35˚C. To confirm the presence of Listeria spp., in the turbid TSB test tubes, the rapid VIP Listeria Test was performed. Positive test kits were used as confirmation of the presence of Listeria in the samples.
The same procedure was repeated for 48 h to study the translocation of bacterial cells when biofilms have been developed in the drain surface. The drain was inoculated with an L. innocua cocktail in meat slurry, as described previously, at 0, 8, 12, 24, 36, and 48 h.
For sampling the drain, sponge method was used. Three drain sites were sampled; drain surface (197.98 cm 2 ), drain crate (278.07 cm 2 ), and drain pipe (335.98 cm 2 ). Sampled sponges (18 oz. "Speci Sponge", 3.8 × 7.6 cm; Nasco Laboratory, Fort Atkinson, WI, USA) were placed in sterile bags with 20 mL letheen broth (Difco, Franklin Lakes, NJ, USA). Serial dilutions were made and spread plated on tryptic soy agar (TSA, Difco), MOX, and thin agar layer MOX (TALMOX) [17] . The wash water from the drain collected in a bucket was also plated for enumeration for each set. The plates were incubated at 35˚C for 48 h. Bacterial counts were taken and reported as CFU/area.
Three replications of each of the experimental sets for both 8 h and 48 h were performed.
and Inoculated, Non-Treated for both 8-h and 48-h periods-were observed to fit adequately into the model. The height at which the coupons were hung inside the chamber had a significant effect (p < 0.05) on the number of positive coupons obtained due to cell translocation from the drain to the coupons.
Results and Discussion
Bacterial populations enumerated from sponge sampling of the drain ranged between 3.5 -4 log CFU/area in the inoculated treated sets in the 8-h set while counts were 6 -8 log CFU/area in the 48-h of the inoculated sets. The treatment with commercial cleaner and sanitizer reduced bacterial population in the drain only by 0.5 log CFU/area. However, samples obtained from wash waters showed 3 log CFU/mL and 4 log CFU/mL reduction in bacterial population in 8-h and 48-h sets, respectively in the treated sets. Previous prevalence studies have shown a reduction in the prevalence of Listeria monocytogenes over 50% in slaughterhouse and upto 16% in smokehouse due to cleaning activities undertaken [18] . Tables 1 and 2 show the percentage of positive samples obtained for the different experimental sets. If there was no contamination in the drain to begin with, as indicated by non-inoculated sets for both 8-h and 48-h, no translocation of bacterial cells occurred from the drain onto the coupons and the surrounding environment.
In the 8-h set, translocation of bacterial cells was seen at all three heights. The percentage of positive samples was from 2% -17%. Higher translocation was seen at 1 foot, followed by 3 feet and 5 feet, respectively, indicating that the closer the proximity from the drain, the greater the number of bacterial cells that transfer from the drain to the surrounding surfaces.
The translocation at 1 foot for the Inoculated, NonTreated set was 16.6%, whereas the Inoculated, Treated set was 13.8%. These percentage figures based on the experimental set further indicate that when a cleaning and sanitizing treatment is applied to control or eliminate the bacterial cells in the drain, the number of cells that translocate is fewer compared with the untreated drain. The translocation at 3 feet for the Inoculated, NonTreated set was 11.1%, compared with 5/5% for the Inoculated, Treated set. At 5 feet, the translocation for the Inoculated, Non-Treated set was 2.7% but 0% for the Inoculated, Treated Set. These percentages further reinforce the need for cleaning and sanitizing treatments to floor drains, because the number of cells translocated from the non-treated drain is higher than from the treated drain.
In the 48-h set, the coupons were found positive for translocation at 1, 3 and 5 feet. The range of percentage positives in this case was higher compared with the 8-h set, 2% -25%. This may be attributed to the longer time available for the bacterial cells to grow and proliferate in the drain and also to form a biofilm as a protection against environmental stress. The average translocation at 1 foot was the highest, which was 25%, compared with 6.9% at 3 feet and 1.8% at 5 feet.
At the height of 1 foot, the percentage translocation for both Inoculated, Non-Treated and Inoculated, Treated sets was found to be 25%. At 3 feet, 8.3% positive coupons were obtained from the Inoculated, Non-Treated set whereas 5.5% were seen in the Inoculated, Treated set. At 5 feet, 2.7% positive samples were seen in the Inoculated, Treated set.
This study agrees with previous research findings that indicate using high pressure hoses can discharge Listeria spp. to unreachable areas and food contact surfaces [19] ; and suggests that optimization is required in cleaning and washing steps to limit the generation of viable aerosols. Similar suggestion was seen in a study by that found that in the fish-processing plants that did not use high-pressure sprayers for cleaning, L. monocytogenes was overall infrequently isolated from food contact surfaces even when a high number of positive samples were obtained from the drains [20] . Studies on guidelines to control L. monocytogenes in small to medium scale fresh cut and packaging operations have also indicated modification the cleaning and sanitizing procedures as one of the means of pathogen control [21] . A higher degree of mechanical action and the use of detergents may play a role in the reduction in the spread of contamination by aerosols.
Because of the ubiquitous nature of Listeria monocytogenes in the general environment, minimizing its presence throughout food production and processing environments is vital. Effective and reliable personnel practices and hygiene are required in addition to the application of effective cleaning procedures to the manufacturing equipment and the food-processing environment itself.
